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Coloured flashes that are visible only to the short-
wavelength-sensitive S cones interfere with shifts of
visual attention but not with shifts of gaze (saccades).
Attention and gaze must therefore be directed by
different visual sub-systems.
At every level the visual system can be sub-divided on
structural and functional grounds into multiple over-
lapping sub-systems. Delineating the different sub-
systems and characterising their separate visual func-
tions is a laborious process, often requiring painstak-
ing comparisons between the functional properties of
neurons, measured in physiological recording experi-
ments in animals, and the effects of selective brain
damage measured in behavioural tests of visual func-
tion — psychophysics — in humans and animals.
One of the longest-standing functional distinctions
in the visual system is between a sub-system depen-
dent on primary visual cortex, which is responsible for
analysing the details of objects so they can be identi-
fied, and one dependent on the superior colliculus,
which is responsible for locating objects and directing
attention and eye-movements. This distinction has
now been revised by a cleverly conceived series of
psychophysical experiments carried out on normal
human subjects.
In a paper published recently in Current Biology,
Sumner et al. [1] report that the visual sub-systems
driven by the ‘S’ cones contribute to the control of
attention but not to the programming of saccades —
the eye-movements that change our gaze to enable us
to scrutinise new or interesting objects. In addition to
clarifying the function of S cone pathways, this work
demonstrates that the widely held view that shifts of
attention and shifts of gaze depend on a common
visual sub-system must be wrong.
The distinction between cortical and collicular
visual sub-systems arises from studies of hamsters
with damage to the visual cortex or the superior col-
liculus [2]. Although they are unable to discriminate
between horizontal and vertical grating patterns, or
between a speckled pattern and a striped one, ham-
sters with visual cortex damage are able to locate
and turn towards objects — especially sunflower
seeds that appear in their visual field. Damage to the
superior colliculus destroys the ability to orient to
new objects, while leaving intact the ability to learn
visual discriminations. Humans and monkeys with
damaged visual cortex are also able to localise
objects in space [3,4], and neural activity in the
monkey superior colliculus is related to shifts of
attention and to the initiation of saccadic eye move-
ments (see, for example, [5]).
The effects of damage to the visual system are often
difficult to measure, and are always difficult to interpret,
particularly in humans. The biggest problem is that the
damage, which commonly arises because of illness or
accident, is rarely either complete or selective. Parts of
a structure may be spared, or the damage may affect
several structures. Even animal studies, where the
extent of the damage can be much more precisely
specified, are hindered by the fact that single structures
may contain multiple functional sub-systems.
Sumner and colleagues [1] sidestepped all these
difficulties by relying on stimulus-selectivity, rather
than structural damage, to isolate the sub-system they
wanted to study. They exploited the fact that one of
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Figure 1. A schematic illustration of the connections from
photoreceptors to ganglion cells.
The outer segments of the different cone classes are shown
near the top of the picture. The ‘S’ cone signals (yellowish outer
segments) are relayed by the yellowish ganglion cell shown in
the bottom part of the picture. (Image reproduced from [7].)
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the three cone photoreceptor systems in the human
eye, the ‘S’ cones — so named because they are most
sensitive to the shortest wavelengths of visible light —
feeds a distinctive type of colour-selective ganglion
cell [6] (Figure 1), which does not project to the supe-
rior colliculus and is not part of the main retinocortical
visual sub-systems, the M and P pathways. Conse-
quently, colour stimuli that selectively excite the S
cones — a small minority of the cones in the retina —
activate a closely circumscribed set of subcompo-
nents of the visual pathway. Most of the visual system
depends largely on signals from the other two cone
classes, which because they are maximally sensitive
to longer and medium wavelengths of light are known
as the ‘L’ and ‘M’ cones.
A computer can be programmed to produce, on a
standard colour monitor, flashes of colour that are
visible to only one of the three cone systems. Sumner
et al. [1] produced flashes that were only visible to the
S cones, and measured how they affected the perfor-
mance of subjects who were performing two different
tasks. In one, the ‘saccade task’, the subjects were
required to shift their gaze to look at a black target —
black is visible to all three cone classes — that
suddenly appeared in their visual field in a different
screen location from the flash. In the other, the
‘attention’ task, subjects were required to detect a
black target that could appear just after the colour
flash, in a different location on the screen.
The results of the saccade task were no surprise.
Although luminance flashes, visible to the L and M
cones, interfered with the production of saccades,
flashes visible only to the S cones had no effect. This
is entirely consistent with the current belief that the
visual signals for saccade production are processed
in the superior colliculus. The S cone ganglion cells do
not send signals to the superior colliculus, so dis-
tracting signals visible only to the S cones should
have no effect on the programming of saccades.
The results of the attention task were, however, a
surprise. It is well known that a distracting stimulus
delivered just before a target that has to be detected
increases the time taken to respond to the target. But
it is also widely believed that this effect depends on
the same sub-systems that programme saccades.
This cannot be true, because in the experiment per-
formed by Sumner et al. [1], the S cone stimuli caused
similar delays to those caused by luminance flashes,
which are detected by L and M cones. This proves
that the mechanism responsible cannot be the one
that programmes saccades, because that mechanism
is blind to signals that are visible only to S cones.
The results reported by Sumner et al. [1] are the
latest in a long line of examples of the power of
psychophysics. They demonstrate, yet again, that
careful experimental design can allow a psychophys-
ical experiment to reveal more about what goes on
inside the brain than would a microelectrode. Of
course, they also pave the way for even more power-
ful experiments in which psychophysics can be com-
bined with microelectrode recording to search out the
route by which S cone signals influence the allocation
of attention.
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